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SUMMARY 


As part of the investigation to determine the influence of 
blade— section thickness ratio on propeller performance, tests were 
made in the Langley 16 — foot high-speed tunnel to determine the 
characteristics of the two— blade NACA 10— ( 3 ) ( 062 )— 045 propeller 
and of the two— blade NACA 10— ( 3 ) (08)-045 propeller. 

Data were obtained over a blade-angle range from 20° to 55° 
as measured at the 0. 75 — radius station, the various constant values 
of rotational speed used giving a range of advance ratio from 0.5 
to 3-8. Maximum efficiencies of the order of 91.5 to 92 percent 
were obtained for the propellers. The propeller with the thinner 
airfoil sections over the outboard portion of the blades, the 
NACA 10— ( 3 ) (062)-045 propeller, had lower losses at high tip speeds, 
the difference amounting to about 5 percent at a helical tip Mach 
number of 1 . 10 . 


INTRODUCTION 


The aerodynamic characteristics of a series of 10— foot— diameter 
propellers are being investigated in the Langley 16— foot high-speed tunnel 
in a comprehensive propeller research program. Using high— critical— speed 
NACA l 6 — series airfoil sections (reference l), these propellers are designed 
to have Betz minimum induced-energy— loss loading (reference 2) for a blade 
angle of 45° at the 0.7 radius, when used as a four— blade propeller oper- 
ating at an advance ratio of approximately 2.1. The ultimate purpose of 
the program is to determine the influence upon propeller performance of 
propeller design factors and of compressibility $ the propeller tests 
reported herein form part of the investigation of the effects of blade- 
section thickness ratio. However, comprehensive analysis has been post- 
poned in favor of early presentation of the available data on the 
propellers . 
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"blade width, feet 
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power coefficient (p / pn^D^) 

thrust coefficient (T/pn 2 D^) 
propeller diameter, feet 
"blade section maximum thickness, feet 
propeller advance ratio (Y/riD) 
air-stream Mach number 
helical tip Mach number M 
propeller rotational speed, revolutions per second 



power absorbed by the propeller, foot-pounds per second 

propeller thrust, pounds 

airspeed, feet per second 

fraction of propeller tip radius 

blade angle, degrees 

blade angle at 0.75 tip radius, degrees 

/C T \ 

propeller efficiency -sr- J 

\ C P J 

optimum efficiency (zero profile-drag losses) 
mass density of air, slugs per cubic foot 


APPARATUS 


Proneller dynamometer.— A diagram showing the configuration for 
these propeller tests with the 2000— horsepower dynamometer is shown 
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in figure 1 . The test apparatus and thrust and torque measuring 
devices are described in detail in reference 3 . 

Propeller blades,— The blades are of NACA 10— ( 3 ) (062)-045 and 
NACA 10— {3) (08)-O45 design which have designation numbers descriptive 
of the propeller shape, size, and design aerodynamic characteristics. 

The numerals of the first group give the diameter in feet; the numerals 
within the first parentheses give the design lift coefficient, in tenths, 
of the blade section at the ' 0.7 radius; the numerals within the second 
parentheses give the thickness ratio at the 0.7 radius; the last group 
designates the solidity of one blade of the propeller at the 0.7 radius. 
Solidity is the ratio of the blade width at any radius to the circumfer- 
ence of the circle traversed by that blade section. Blade— form curves 
for these propellers are shown in figure 2 . As can be seen, the blades 
differ only in thickness ratio and, very slightly, in blade angle; blade- 
width ratio and design lift coefficient are identical for the two pro- 
pellers, A photograph of typical propeller blades mounted on the pro- 
peller dynamometer in the tunnel is shown as figure 3* Efficient airfoil 
sections extend to the spinner of the two— blade test propeller. Spinner 
fairing plates with 0 . 062 — inch clearance between blade and spinner were 
provided for each blade angle tested. 


TEST PROCEDURE 


Tests of the propellers were made at blade angles varying in 
5° increments from 20 ° to 55° at the O .75 radius (45— inch radius). Most 
tests were run at constant rotational speed, the range of advance 
ratio (J = Y/hD) being obtained by changing the tunnel airspeed. A 
chart of the various rotational speeds giving the blade angles tested 
at each speed is given as table I. Because of power limitations, it 
was not possible to test at high blade angle and high rotational . speed. 
Therefore, in order to obtain propeller characteristics over a greater 
range of tip Mach number, tests were run at a blade angle of 45° for 
maximum dynamometer power, and airspeed at or near maximum tunnel air- 
speed. For these tests the tunnel airspeed was kept constant and the 
dynamometer rotational speed was varied to obtain the range of advance 
ratio required. 


RESULTS AND DISCUSSION 


Seduction of data.— The test data, corrected for spinner force 
and tunnel-wall interference, are presented as the usual propeller 
characteristics, thrust and power coefficient and propeller efficiency 
plotted as functions of advance ratio. Eeference 3 describes the 
corrections applied. Propeller characteristics as presented herein 
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represent the forces exerted by the propeller from the spinner surface to 
the blade tips acting in free air. These data are believed to be accurate 
to within 1 percent. 

Because the tests were made over a period of time (therefore under 
different conditions of tunnel air temperature) , small discontinuities 
occurred in the curves of air-stream Mach number plotted against advance 
ratio. Also, discrepancies occurred between the values of stream Mach 
number at the same value of advance ratio for tests run at different 
times. Therefore, in order to obtain uniformity in the presented data, 
all air— stream Mach number curves and helical tip Mach number curves have 
been corrected to those presented for the same advance ratio and rotational 
speed for the basic propeller of the NACA series, the NACA 10— ( 3 ) (08)-03 
propeller, in reference 3* 

Propeller characteristics.— Faired curves of thrust coefficient, 
power coefficient, and propeller efficiency-' plotted as functions of 
advance ratio are presented in figures 4 to 10 for the two-blade 
NACA 10— ( 3 ) (062)-045 propeller and in figures 11 to 17 for the two- 
blade NACA 10— ( 3 ) (08)-045 propeller. The variation of air-stream Mach 
number and helical tip Mach number with advance ratio is shown in the 
figures presenting propeller efficiency. 

Envelope efficiency.— Envelope curves of propeller efficiency 
at the various test rotational speeds are given for the two— blade 
NACA 10— ( 3 ) ( 062 ) -045 propeller in figure l 8 and for the two-blade 
NACA 10— ( 3 ) (08)-045 propeller in figure 19 . Also shewn on these 
figures is the optimum efficiency T)^ of a two— blade propeller with 
Betz minimum induced-energy— loss loading operating at 1350 rpm. The 
optimum efficiency curve was calculated by a method, given in reference 4, 
which neglects all profile-drag losses for a two— blade propeller operating 
at the same values of power coefficient as attained in the tests of the 
NACA propellers. At the higher values of advance ratio, 2.0 to 2.8, the 
calculated values of optimum efficiency are higher for the 1 

NACA 10— (3) (062)-045 propeller than for the NACA 10— ( 3 ) (08)-045 propeller 
because the thinner propeller operates at slightly lower values of power 
coefficient for maximum efficiency than does the thicker propeller. This 
is in agreement with propeller theory which indicates that at maximum 
efficiency the blade-section profile-drag losses should approximately 
equal the induced losses; therefore, the propeller with the lower profile- 
drag loss, the propeller with thinner blade sections, will operate under 
lighter load and consequently with lower induced loss. 

Comparison of this optimum efficiency curve with the envelope 
efficiency curve (1350 rpm) for both propellers indicates induced losses 
of the order of 5 percent and profile-drag losses of the order of 
4 percent at an advance ratio of 2.2, approximately the design advance 
ratio. The high peak of the envelope efficiency curve (91*5 to 92 percent) 
is a result of the design using a Betz loading and the maintaining of 
efficient airfoil sections to the spinner surface. 
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Comparison of NACA 10-(3) (08)-045 data with NACA 4-(3) (08)-04^ data.- 
The envelope efficiency of the two— blade NACA 10— (3) (08)-045 propeller 
at 1350 rpm is compared in figure 20 with corresponding results from 
tests of a 4— foot-diameter model of this propeller, reference 5. Also 
shown in the figure are the optimum efficiency curves for the values of 
power coefficient at maximum efficiency obtained with the respective 
propellers. Since, during the tests of the 4— foot-diameter propeller, 
the propeller was mounted on the forward portion of the model with a wing 
spanning the tunnel and since thrust was measured by the tunnel balance 
system, some of the slipstream rotation was converted into measured 
thrust. Therefore, the propulsive efficiencies which were obtained 
considerably exceeded the , propeller efficiencies obtained with the 10— foot- 
diameter propeller. Also, for the 4— foot-diameter propeller, the peat 
values of efficiency occurred at higher values of advance ratio and, 
consequently, at lower values of power coefficient. Hence, the values 
of optimum efficiency for the 4— foot-diameter propeller are higher than 
optimum efficiency values for the 10— foot-diameter propeller. It was 
pointed out in reference 6 that the envelope efficiency of the model 
propeller (NACA 4— (3) (08)-045) approached the optimum efficiency with 
increasing advance ratio and then equalled the optimum at the higher 
values of advance ratio. This discrepancy exists only if the envelope 
efficiency for the 4— foot-diameter propeller is compared with optimum 
efficiency calculated from excessively high values of power coefficient. 

At low advance ratio where small amounts of rotational energy are 
imparted to the slipstream, the effect of the wing on recovery of the' 
energy in the form of thrust is very small. At higher blade angles and 
advance ratios, where relatively much larger amounts of rotational energy 
are imparted to the slipstream, a significant increment of thrust is 
obtained from the partial recovery of the rotational energy by the wing. 
Calculations based on the method of reference 7 show that at high advance 
ratios the wing recovers approximately 50 percent of the slipstream 
rotational energy in the form of thrust; this amounts to approximately 
2 percent in efficiency. Therefore, a major part of the total difference 
between the results of the 4— foot and the 10— foot-diameter— propeller 
tests is accounted for by this one factor. 

Compressibility effects .— The maximum efficiency of the two— blade 
NACA 10~(3) (08)-045 and the two-blade NACA 10-(3) (062)-045 propellers 
at a blade angle of 45° is shown in figure 21 for a range of helical tip 
Mach number. It is apparent that at the lower tip Mach numbers there 
is little difference between the maximum efficiency of the propellers 
and, also, that the maximum efficiency of both propellers decreases 
rapidly above a tip Mach number of 0.90. However, the rate of this 
maximumr-efficiency decrease is lower for the propeller with the thinner 
outboard blade sections. With an increase of helical tip Mach number 
from 0.92 to 1.10, the loss in maximum efficiency is 13 percent for the 
NACA 10— (3) (062)-045 propeller as compared with l8-percent loss for the 
NACA 10— (3) (08)-045 propeller, the propeller with the thicker outboard 
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'blade sections. The higher efficiency of the propeller with the thinner 
outboard blade sections is expected because airfoil section data show 
that thin sections maintain their lift to higher Mach numbers than thick 
sections, reference 1 . 


SUMMARY OF BISTJLTS 


1. Characteristics of the two— blade MCA 10 — (3) (062 )— 045 and the 
two— blade MCA 10 — (3) ( 08 ) - 0^5 propellers differing principally in 
thickness distribution are presented over a range of advance ratio 
from 0.5 to 3*8, the blade-angle range from 20° to 55° measured at 
the 0.75 radius. 

2 . These propellers, because designed for minimum induced energy 
loss and because efficient airfoil sections were used, have a maximum 
efficiency of the order of 91*5 to 92 percent. 

3. The propeller with the thinner airfoil sections over the 
outboard portion of the blades has lower losses in maximum efficiency 
caused by compressibility, the difference amounting to about 5 percent 
at a helical tip Mach number of 1 . 10 . 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ya. 
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TABLE I 


RANGE OF BLADE ANGLE AND ROTATIONAL SPEED 


Figure 

Rotational 

speed 

(rpm) 

0 at O. 75 R 
(<leg) 

MCA 10-(3)(062)-045 propeller 

4 

5 

6 

7 

8 

9 

10 

1140 

1350 

1500 

1600 

2000 

2160 

Varied 

20 

20 

20 

20 

25 

25 

25 

25 

25 

30 

30 

30 

30 

30 

35 

35 

35 

35 

40 

40 

40 

45 

45 

45 

45. 

45 

VJ1VJ1 
O O 

55 

NACA 10— ( 3 ) ( 08 )— 045 propeller 

11 

1140 


25 

30 

35 

40 

45 

50 

55 

12 

1350 

20 

25 

30 

35 

40 

45 

50 
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45 
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45 
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20 

25 

30 

35 
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2160 

20 

25 

30 






17 

Varied 






45 





NACA EM No. L8E26 


9 



FIGURE I .—CONFIGURATION OF 2000- HORSEPOWER DYNAMOMETER FOR TESTS OF 
PROPELLERS IN THE 16-FOOT HIGH-SPEED TUNNEL. 


Blade thickness ratio, h/b 
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0 I .2 .3 .4 .5 ,6 .7 .8 .9 1.0 

Fraction of tip radius, r/R 

Figure 2.- Blade-form curves for NACA 10 -(3) (062) -045 and for NACA 

10 -(3) (08) -045 propellers. 


Blade section design lift coefficient, G 
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Figure 3. - Typical propeller blade mounted on the propeller dynamometer. 
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Figure 4.- Characteristics of two-blade NACA 10 -(3) (062) -045 propeller. Rotational speed, 1140 rpm. 


NACA 






(a) Thrust coefficient. 

Figure 5.- Characteristics of two-blade NACA 10-(3)(062)-045 propeller. Rotational speed, 1360 rpm 
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Figure 6.- Characteristics of two-blade NACA 10 -(3) (062) -045 propeller. 

Rotational speed, 1500 rpm; ^ = 45°. 
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Figure 8.- Characteristics of two-blade NACA 10 -(3) (062) -045 propeller. Rotational speed, 2000 rpm. 
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Figure 8.- Continued. 
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Advance ratio, J 

(a) Thrust coefficient. 

Figure 9.- Characteristics of two-blade NACA 10 -(3) (062) -045 propeller. Rotational speed, 2160 rpm. 
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Helical tip Mach number 


Air-stream Mach number 


Advance ratio, J 


(c ) Efficiency. 
Figure 9.- Concluded 
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(a) Air-stream Mach number, 0.56. 


Figure 10.- Characteristics of two -blade NACA 10 -(3) (062) -045 propeller at 


high forward speeds; 


0.75R 


= 45°. 
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(a) Thrust coefficient. 

Figure 11.- Characteristics of two-blade NACA 10 -('3) (08) -045 propeller. Rotational speed, 1140 rpm. 
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Figure 12.- Continued 
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Figure 12.- Concluded. 
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Advance ratio, J 


Figure 13.- Characteristics of two-blade NACA 10-(3)(08)-045 
propeller. Rotational speed, 1500 rpm; Pq 75-^ = 45°. 
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(a) Air -stream Mach number, 0.57. 

Figure 17.- Characteristics of two-blade NACA 10-(3)(08)-045 
propeller at high forward speeds; p n n RD = 45°. 
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Figure 18. - Envelope efficiency of two -blade NACA 10 -(3) (062) -045 propeller at various rotational speeds. 
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Figure 19.- Envelope efficiency of two-blade NACA 10 -(3) (08) -045 propeller at various rotational speeds. 
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Figure 20.- Comparison of the envelope and the optimum efficiency of a two-blade NACA 10 -(3) (08) -045 
propeller at 1350 rpm with envelope and the optimum efficiency of a two -blade NACA 4 -(3) (08) -045 
propeller at corresponding test conditions. 








